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model is shown in Fig.2. The tests were performed on two models which are the same structures
constructed on soft (Cl test) and hard (D1 test) ground mentioned in the former paragraph.

Test Method

In the tests, vibration was applied by the
excitor placed on the center of the top floor
or the center of the base mat floor. The
response amplitude and the phase lag from the
vibromotive force were measured at the selected

observation points under stationary state at
the predetermined frequencies. The items
mesured are the displacement in various parts
of the models, earth pressure at the bottom
of the base mat and acceleration in the
surrounding ground.
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EXAMINATION OF TEST RESULTS

Vibration Characteristics of Test Models

The natural frequency, the damping factor and
the mode ratio at the top of the model at the 2,000 4,000 2,000
natural frequency are shown in Table 1. The d d U

damping factor of the Cl test for the soft ! 8,000 ]
ground is larger than that of the D1 test for
the hard ground, and the deformation ratio
of the Cl1 test is smaller than that of the
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Fig.3 Resonance Curves of Top Floor

312



Dl test, because of the degree of each ground —+—FN ——f=N
stiffness. The resonance curves at the center C1-RF-NS / . 7 DI-RF-NS ~ 7
of the top floor determined f£rom the test s.94z /() (:::EE} Q / T ) S
results are shown in Fig.3 with making a 7 TTy193.5 S 204. 1
comparison between Cl1 test and Dl test. The £l u{Mn

g

horizontal displacement of the Cl test at the
natural frequency are nealy equal to that of
the Dl test, but the rotational displacement
of the Cl test is smaller than that of the D1
test because of the deformation ratio, and the
Dl test results have a sharp peak because of
the small damping factor. The vibration modes
of the test models at the natural frequency are
shown in Fig.4. The rotational displacements of

each floor of the Cl test are nealy equal,
because of the small deformation ratio.
Soil Impedance

The so0il impedances (Kyi, Kz} calculated from

(b) D1 Test
Modes of Test Model

Cl Test
Fig.4

the tests results are shown in Fig.5, and the
equivalent damping factors (hy, hg) calculated
from these soil impedances are shown in Fig.6.
The real parts of the soil impedances of the D1 test are approximately five times as large as
those of the Cl test, because of the stiffness of the supporting ground. The effect of the
radiation damping of the soft ground is larger than that of the hard ground, on the whole, from a
comparison of the equivalent damping factors, and this characteristic is conspicuous in higher
frequency as regards the horizontal component.
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Earth Pressure at Base Bottom

The distributions of the dynamic earth pressure at the bottom of the base mat at the natural
frequency are shown in Fig.7. The distributions of the vertical and the horizontal earth pressure
are the pseudo rigid-plate distribution, which has small values near the center of the base
bottom and large values at the edge of the base mat. The vertical earth pressure of the Cl test is
corresponding to the rocking motion of the test model, but as regards Dl test, the south side
pressures are larger than the north side pressures.
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Fig.7 Distributions of Dynamic Earth Pressure

Vibration Characteristics of Surrounding Ground

The comparison of the resonance curves of excitation direction acceleration in surrounding ground
is shown in Fig.8. The peak of 5.9 Hz of Cl test and the peak of the 11.0 Hz of the D1 test are
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the first natural frequency of the soil-structure system. Complex peaks are observed in higher
frequency ranges on surface ground as regards Cl test results, these peaks appear because of the
stratification of the Cl test supporting ground, and the peak of near 30 Hz of Dl test results is
the natural frequency of the slope part of the surrounding ground. The comparison of the
surrounding ground mode between near the natural frequency and higher frequency area is shown in
Fig.9. Regarding both Cl test and D1 test, in the slope of the surrounding ground, the horizontal
response is conspicuous near the natural £frequency, but at the higher frequency, the horizontal
and vertical response is conspicuous on the surface ground, these things may result from Rayleigh
wave occured in the excitation direction of the surround ground.
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Fig.9 Modes of Surrounding Ground
ANALYSIS

Analysis Method

Analytical technique is Axisymmetric FEM, whose model is shown in Fig.10. In this method, the
upper structure was modeled by a lumped mass model, the base mat was modeled by a rigid body and
the ground was modeled by axisymmetric finit eiement. The square base was replaced by the
equivalent circle, whose area is equal to the square base. The unit weight of reinforced concrete
was fixed at 2.4 t/m*, and the Young's modulus was fixed at 280 kg/cm* by the results of
compression tests of the concrete, and the shear modulus was fixed at 120 kg/cm?*, and the damping
factor of the concrete was fixed at 0.0l1. The so0il constants for analysis are shown in Table 2.
Those soil constants were fixed from the results of the boring examination, the PS logging and
the elastic wave test on the supporting and the surrounding ground.
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Results of Analysis

The comparison of analytical and test results on soil impedances (Kuy,
The soil impedances (K,
with using two test results which are different from each other in the

the base mat floor).

(Cl test) and Fig.1l1l(b)
from eq.(l) and eq.(2)

excitation point (the top floor,

(D1 test).

Krr) of test

Krr) is shown in Fig.ll(a)

results were calculated

(1)

Ky = Kyy + Kyxr '( eo/uo )
K = Kper + Kpenw - ( U/ 6 ) (2)
In these equations, 68 ,/u, (Rocking/Sway) is the mode ratio of the base bottom. Regarding both of

Cl test and Dl test,

the analytical and test results,
bottom are shown in Fig.12,

the

the analytical results correspond to the test results.
the resonance and phase lag curves at the center of the base

resonanse and phase lag curves

In order to compare

in the excitation direction

determined from acceleration in the suvoporting ground and underneath the test models are shown in

Fig.13,

the surrounding ground are shown
results as regards the response of the structure,
the amplitude has a little difference,

and surrounding grounds,

in Fig.14.

results correspond almost to the test results.

and those for the resonance and phase lag curves of excitation direction acceleration of
The analytical results correspond well to the test

and as regards the response of the supporting

but the tendency of the analytical
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CONCLUSIONS

The effects of the hardness and the stratification of the supporting ground on the vibration
characteristics of the soil-structure system were investigated from the results of the forced
vibration tests of the large-scale models constructed on the field. The following conclusions were
drawn. From the results of the tests, the effect of the radiation damping on the soft ground is
greater than that on the hard ground except the rotational component at the higher frequency, and
as regards the vibration characteristics of the surrounding ground, complex peaks are observed in
higher frequency ranges on surface of the soft and stratificational ground. From the analytical
studies, not only the soil impedances and the response of the structure but also the character-
istics of the response of the surrounding ground can be evaluated with using Axisymmetric Finite
Element Method.
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